Introduction
Commercial air transport has been with us for over eighty years now, and since its birth in 1919 measurement and control have played a major part in its day-to-day operation and safety.
This article aims initially to familiarise the reader with the role of measurement and control in selected areas of air transport operation with a general and, wherever possible, non-technical approach
A typical commercial flight
The planning for such a flight, whether long-haul or short-haul, commences long before the flight begins and generally involves the following stages:
o The measurement and calculation of the weights that the aircraft will uplift for its intended flight. Modem computer reservation systems between travel agents and the airline operators play a major role in accurately predicting passenger numbers for the flight, from which their respective weights can be determined. The weight measurement of payload, equipment and fuel in accordance with the airline's planned route network is also used to obtain the final value.
o The control and positioning of these weight predictions in meeting the aircraft's weight and balance requirements. If the weight and balance of an aircraft are incorrect, structural overloading, together with difficulty in maintaining aircraft control and performance, will result and can have a marked effect on safety.
o Weather prediction. One of the biggest factors affecting air transport operations is the weather. Since one cannot control the weather, it is necesary to continuously measure those factors influencing its make-up, such as air temperature, wind strength and direction, pressure patterns and humidity (water vapour). The influence of such data must be assessed to determine visibility, cloud cover, the possibility of icing, fog, thunderstorms and other weather phenomena.
The means of measuring and collecting such data are varied and too complex and lengthy to describe here, but they range from simple pressure barometers to weather balloons to remote-sensing satellite facilities. Information from these facilities is relayed to national meteorological offices such as Bracknell in the UK, and Washington DC in the USA. After analysis, the data are then continuously relayed by fax, telephone and Internet services to the various weather centres, aerodromes (military and civil) and airports. Flight crews and operations staff then study and analyse this information and predict the influence that the weather will have on the intended flight, e.g. routing, operating altitudes, etc. Weather updates are also regularly transmitted to aircraft via Air Traffic Control (ATC), together with flight crew visual observations, or in conjunction with aircraft onboard weather radar.
The flight
So far the information provided in relation to passenger and payload figures, weight and balance predictions, weather (meteorology) 
Flight instrumentation
Typical layouts of the flight deck instrumentation for these areas of measurement and control are illustrated in Figures la and 1b .
Rather than having numerous sensors driving an equal number of mechanical points, electronic information processing allows the electronic display of information on cath- 
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Flight control
To control the aeroplane in flight, we need to first appreciate its three axes of movement, namely: Pitch: nose up or down as in climb or descent. Roll: wings not level -the aircraft is in the banked attitude, as when changing directions through a turn. and relayed to the pilots by a Rate of Climb and Descent Indicator (sometimes termed a Vertical Speed Indicator as in Figure 1 ).
Attitude Indication: to measure and relay information on the aircraft's attitude relative to the earth's horizon, particularly when flying at night or in conditions of poor visibility and cloud. The instruments presenting attitude information would be termed either an Artificial Horizon or an Attitude Direction Indicator (ADI).
Turn and Slip Indication: to measure and indicate the aircraft's rate of turn, and whether or not the aircraft is either slipping into or out of a turn (similar to a car slipping or skidding into or out of a bend if taken at the wrong speed or position. If this happens to an aeroplane, it has a marked effect on its performance and efficiency). Part of this information is relayed by a Slip Indicator (Figure 1 ).
Direction Indicator (Compass): to measure and indicate the aircraft's heading (usually in relation to Magnetic North) for navigational purposes. Modem Direction Indicators (DIs), known as Horizontal Situation Indicators (HSI), also have the facility of indicating route Way Points which are radio navigation transmitting beacons and the distances between such Way Points. This information is displayed on modem electronic HSI displays. uncontrollable). On the other hand, if the airspeed is too high, overloading of the airframe structure may result, causing permanent damage. The aeroplane is therefore operated within a safe airspeed range well clear of both stall and structural overload conditions. Airspeed is measured and indicated through an Airspeed Indicator on the flight deck.
Altitude (the height of the aircraft above the earth's surface -often using sea level as a datum). Reference to altitude through an altimeter instrument on the flight deck enables the pilots to fly the aircraft safely clear of the ground, terrain and other aircraft.
Rate of Climb and Descent. This influences the time taken for the aircraft to climb and descend to and from altitude. This information is measured 
ode ray tubes (CRTs). This is the basis of Electronic Flight Instrument Systems (EFIS).
Note that depending on customer choice, the shape and arrangement of the CRT displays can vary from company to company. In some aircraft the Electronic Horizontal Situation Indicator (EHSI) screen is rectangular, and in others it is square.
The basic principle of EFIS is to take information from sources such as the pitot-static system, air data computer, attitude and heading gyros, and radio navigation receivers and process it electronically. The resulting data is then displayed on one or more CRTshence the term the glass' cockpit. More complex information, from sources such as the Inertial Reference System (IRS) and the Flight Management System (FMS), can also be processed and displayed.
Flight Instrumentation consists of measuring and monitoring aircraft flight parameters such as Airspeed (the speed ofthe aircraft through the air).
Amongst other things, the circulation of airflow around the wings to generate lift to enable the aeroplane to fly and be supported in flight is influenced by airspeed. If the airspeed is too low, insufficient lift may be available from the wings and the aircraft may stall (which is a situation where the aircraft can no longer support itself in flight and is likely to be the pilots by respective instrumentation (see Figures 4a, 4b and 4c) . Fuel Flow Measurement to the engines is another important consideration as it influences the rate at which fuel is burned by the engines, therefore affecting aircraft flight endurance, as well as measuring fuel quantities used and remaining. This also has an important safety influence, especially for airport diversion purposes due to bad weather, etc.
As previously mentioned, there are continuous measurement and reference facilities for en-route navigation.
Navigation
Figure 3: Schematic overview ofan auto-pilot control system. and aircraft performance. In a modem Light aircraft and older aircraft types airliner having gas-turbine engines as have a basic magnetic compass and the main power plant, such instrumen-often a gyro-operated Direction tation would measure engine rota-Indicator (DI) that measures and tional speed (often quoted as a per-indicates the aircraft's heading relacentage 'N' speed) from which power tive to Magnetic North. Modem jet output can be estimated.
transports, however, have what is Additionally, engine thrust can be called a Horizontal Situation determined from what is called Indicator (HSI) which provides the Engine Pressure Ratio (EPR). This pilot with a continuous Navigation measurement compares output pres-Display (ND) picture (see Figure 5) . sure at the engine exhaust with input pressure at the engine intake. The greater the pressure ratio or difference between the two, the greater will be the engine thrust.
Engine Temperature at the 'hot end' is continuously measured and monitored as it too influences thrust. (The higher the temperature, the more work energy is available to produce thrust.) Temperature, however, must be limited because of engine constructional material restraints.
Engine Health Monitoring is undertaken through measurement of oil pressures, temperatures and vibration sensing. Such measurement facilities are also continuously relayed to From start-up to shut-down the pilots regularly review engine instrumentation to confirm such measured parameters as engine rotational speed, operating temperature and power output which of course directly affects thrust ing controls in order to maintain the required flight path or change that flight path in climb, descent, roll and heading modes.
On modem transport aircraft the auto-pilot control panel, through which input and correcting data are delivered by the pilot, is usually located on top ofthe main instrument panel (see Figure 3) . Engine instrumentation Figure 2 : Primary controls. Yaw: nose left or right, but without any associated bank, as in changing heading. It is often used with roll in the turn to maintain aircraft balance.
Control of the aeroplane in these movements is achieved by primary flying control surfaces which, when deflected, alter the airflow circulation around the main lifting surfaces (wings, tailplane and fin) in such a way as to generate the required aerodynamic forces to achieve pitch, roll and yaw (see Figure 2) . The names given to these primary flying control surfaces are: Elevators: mounted on the trailing edge of the tailplane to provide pitch control. Ailerons: mounted on the outer trailing edge of the wings to provide roll control. Rudder: mounted on the trailing edge of the fin to provide yaw control.
To move these surfaces, the pilots have in front of them either a control column, or a control wheel or a control yoke, or even a control stick, as on the latest Airbus aircraft. Gently moving the column forward pitches the aircraft nose down; moving it gently backwards pitches the aircraft nose up. Moving the column or stick to the left rolls the aircraft to the left; and moving it to the right rolls the aircraft to the right.
Meanwhile the pilot's feet rest on the rudder pedals to yaw the aircraft when required, i.e. the left rudder pedal when pressed forward yaws the aircraft's nose to the left, and the right rudder pedal when pressed forward yaws the aircraft's nose to the right.
Additionally Auto-Pilot systems, when engaged, will fly the aircraft for the pilot during most of the flight. When the pilot inputs data such as selected airspeed, altitude and heading into the auto-pilot system, the auto-pilot sensors, in the form of gyroscopes, manometric capsules and accelerometers, consistently measure any deviation from the inputted data and send correcting signals to the fly- ILS is a guidance system which allows the aircraft to follow a safe horizontal and vertical flight profile all the way down to the runway touchdown point, known as the Threshold. The path that the aircraft follows within these profiles is known as the Glideslope and is usually at an angle of three degrees to the horizontal. Flight deck instrumentation in the form of vertical and horizontal crossbars tell the pilots their position in relation to the ILS GJideslope (see Figure 7) . On many modem aircraft instrument panels the Glideslope bars On entering the final part ofthe flight, often under the direction ofAir Traffic Control, the aircraft descends from its cruise altitude to prepare for its approach to the destination airport. Again, navigation facilities in the form of Way Points play a prominent role in the descent pattern. On establishing its final approach path, it will cross a ground radio signalling device known as the Outer Marker. This device is usually located about ten miles from the runway touch-down point at the destination airport. Central Alert Panels (CAP) to warn the crew of system faults or failuresnowadays often accompanied by the recommended rectification procedures.
Approach and landing

Systems monitoring
As well as gas-turbine engines, modem transport aircraft have a wide range of systems to provide the airframe with life in the form of nerves, muscle power and breathing. Many of these systems receive their power sources from the engines, and examples requiring measurement and control from the flight deck are:
o Electrical Systems. moisture which is particularly evident in the likes of unfriendly cumulo-nimbus thunder clouds that all aircraft both large and small remain clear of. If such colour is revealed from the weather radar, clearance from Air Traffic Control is then sought to fly around the situation in good time -a further application of measurement and control.
Some aircraft are also fitted with Inertial Navigation Systems (INS). On the Oceanic air routes such as the Atlantic and Pacific Oceans, Way Points in the form of transmitting radio beacons obviously do not exist. Therefore an autonomous navigation aid, known as the Inertial Navigation System, is carried (see Figure 6) .
INS is simply a machine that knows the mathematical shape ofthe earth and consists of three computers that constantly 'cross talk' to each other, especially when the accelerometer devices to which they are linked sense and measure any changes in the aircraft axes as it follows the shape ofthe earth. Corrections to such changes through the INS feed to the Auto-Pilot system.
INS works on a basis of navigation lateral and longitudinal datum references programmed into the system by Additionally the ND relays additional information in the form of Groundspeed (GS), True Airspeed (TAS), Outside Wind Velocity and distance to and from Way Points (Distance Measuring Equipment -DME). They can also show a circular picture of all airports and navigational beacons within a particular radius ofthe aircraft's position as well as giving weather information from the aircraft's weather radar system and displaying the Instrument Landing System (ILS), which will be covered later.
Weather Radar reveals 'a picture developed from the returned radio waves sensing the moisture content of the air masses ahead of the aircraft. The darker the colour, the greater the
